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DIOESTr

The impairment in the performance of men wearing the
protective clothing was determined by measuring the respiratory
and thermal responses of the subjects walking on a treadmill
at 3 mph, zero grade at 210 and 40'0C and 10 mm Hg vapor
pressure. The major cauae of the Ciscomfort was fmund to be
thermo-regulatory in nature.

The conclusions are as followa;

The M6 hood adds considerably to the heat stress of the
subjects. Similarly, as cc-pared to suibjects with the heads
kept uncovered, wearing the M17 protective mask also results
in greater discomfort in the heat. The iipairment in
performance of men wearing the protective mask and hood is
also evident when the rest of the body except for the loins is
left bare and thus exposed to the environment for evaporative
heat loss. However, at neutral ambient temperature the work-
ing ability of the subjects did not seem to be affected by
wearing the entire set of the protective clothing, including
the mask and hood.

Since a high body temperature seems to be essential for
a rise in ventilation, further experiments need to be carried
out to determine whether in subjects working in the heat,
wearing mask and hood after the attainment of a rectal
temperature of 390C or more results in hyperventilation.
The subjects in this series, however, all reported severe
thermal discomfort prior to the attainment of any hyper-
ventilation with only one exception. The attainment of a
heat storage index above a tolerable level appeared to be
the critical factor.

Another extension of this problem will be to conduct
some well designed basic experiments to investigate whether
an increase in skin temperature of the head area can be a
specific cause of rise in body temperatures.

J,
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HEAT INDUCED HYPtrVENTIATION
AND ThE PROTECTIW3 MASK

I.INTRCXOUTDN.

There are several factors whinh may account for di.-
comfort or impairment in men wez'ing the protective mask L
while wo-kina in the heat. Heat-induced hyperventilaticm
has been described In connection with dehydration (1).
with higi wet-bulb t~iperatures (18) and with a steady
state of prolonged work (24). Wearing of the mask may
augment the hyperventilation because of either the
respiratory influences or thermal influences and this
in turn may lead to a! rnnt;

71he present study was conducted in different phases.
In the first phase, constitu.ing the major part of this
project, an attempt was made to evaluate the influence
of wearing the M17 Mask and the Mask plus M6 hood during
work in the heat on physiological performance of the
subjects. The other phases of the study wer-e designed on
the basis of the results of the first phas3 depending
on whetheh tne respiratory or thermal influences were
important in the impairment.

II. FIRST PHASE

A, PROCEDURE.

The first scries of experiments were conducted on
releven healthy male collge students. 'Their physiological

characteristics are listed in Table 1. List 1 includss
the clothing and associated equipment worn by the subject.
The clothing was unimpregn&ted. The use of short urderwear
makes the heat load of assembly uore comparable with that

of the 1-1/2 layer outfit than with that of the 2 layerI
outfit. The hood was unpressurized since the expired air
was collected, as will be described below. The respirstory

characteristics of the mask were umltered excert for the

slight additional expiratory resistance of the tubing
connecting the mausk with the gasometer.

Before the collection of data was begun, the
subjecte had 5 days of trainlng at a dry bulb temperature
(DBT) of hO0 C and a wet bulb temperature (WBT) of .21.5*C.



The original prot~col called* f'r! WA2Lka~ 1F
However, th6 initial experimentb clab,: ujko;Stated
thazt with clothing and vith mask anid ho... such thermal
conditiona wou~ld not be'tolorated except frbrtsf
periods (Table 21. Reduzetion of the temperature to a'

6fTor4.0*c and a WBT ro. 21,5'00 appearo d to be the
app~Orprate way -to. Peftmi at ieast t'hotrs- 6f wilkirig
*~ith mask-i.nd hood 1h~ vmt stibJedta'.

The daily training nol ted of walk vn the trsad-.
m11 a t 3 mph, zbro grade, for 45 misiates followed'by a
rest for 1l minutes., Thta schedulie of walking~ &a resting
w4az: repeated for 14.hcurs t day. Duriiug the first three
day-- of training, the e16lhing assembly In List 1,, except-.
in thie M6 hood was worn bi the sub Ject and during th1e
l~st two days the lis5t of zlothing iorn-by-the subject
alsc. included the hood,, Tke jacliet vias tucked into the
trousers and the tr'ousers t !.kee into combat boots* The
sl~eeves were rolled under two giw)es. The bood cavered
the head, neck, and shoaldws, and wsftstened with
strzaps under the arms. Eack day freshly laundered
elothea were worn by the subjects 4nd a pafir of dry
f ilter3 wera ikserted into the -mask.,

Experimental -data wiere 7-l-lected on 7 different
days from each subject under-the -test conditions
listed in rr.,Me 3

* asurements.

Roctal teidpaA'ature at a 6wpth of 10 cm. was obtainled
wiuii a copper cnate'ntan thermcouple vointed In a
catheter. For measuring the iZJ'n "6mperaxtur*3, thaimo -
couples were held against the skin with elistic tubing
at the front arnd backc of the &~ast, back of the WOa'at
arid above the Irnea. Minneapolls-Ebneywell jacks and plugs
thie wire~s from the subject with 'the wires leading to aF
Brown £C1ectronic 16 point recorer. A thermocouple a



Tablo i

$ubject He ight Weight Sufaco ar~ea Age
(c,.;(xg) (sq. M.) (

G. . 184 75 1.95 23
S.T. 177 71 1.87 Z3
R. 3. 172 66 1.77 24

SR.B. 180 70 1.87 24
T. S. 174 77 1.92 26
R. K. 169 55 .62 zy 2
D.N . 184 5 22
L,, C0 2.01 24

C. Z 17 8174 1.96 26
,0.1 .1, 78 77 .

0.H 1 17 71.95 19
B. Ke 186 I 99 2.25 23

1 3'-..-
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Cltl As.-." i

Jacket, Cotton .

Trousers,. cotton.

T-shirt, cotton

UXnderwear, short,'cotton

.Glovzs~,,.cotton special f or. iuprognatiQn

Socks, wool

* . Mask,, protective-,M.

Hood, protective, 7.46

Combat bz, ots

Thermocouple supports, five

Eiectrode-supports, two

Rectal thermocouple catheter
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Ecperiwit #Description Code

1 Dry bulb temperature 400C, wet bulb H
21.50C. SubZjects wearing fatigues,
T-shirt, gloves,'woolen sockb, comn-
bat boots, iU17 vask and ?(6 hood.

2 As above, minus the hood HK

3As above, inus the mask' IB

4 Dry bulb 210C, wet bulb 150C; otherwise, CB

same as experiment #1

5 Same as above, minus the hood CM

6 Same as above, minus the mask CB

7 Same as experiment 4l minas the fatigues, E
T-shirt and gloves. Boots replaced by gym
shoes and wool en socks by short cotton socks.

-J:
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also fixed on the forehead of the'subjeect. 91
thormocouple junction for measuring thi. ski.n teqaevatiaa
was placod in a soft plastioscreen,_The ora WOWas
atta 'ched. ito* one su1lrace. of a, hard " plastic, rir wich
was 0.3 -am in tijdckpess and had'& uintienal-Aomte of
1#2 ca.. The rig *was connected to: an elasic anifa
fastening to. a particular' area. of the skino.,

For. masuring. the, skin tempera turw of. the forehead
the: elastic band ontaining the thermocouple was tied
to the lower edge of the, forehead. The upper edge of
the-11l7 Mask, on the -otherhand, was in con~tact with
the forehead just below the hair- line. Thus the
sensing element on one side was in contact with the
forehead skin, and on its other aide was exposed to

air entrapped in the mask.

teIntegrated heart rate was monitorad by-recordinig
teelectrocardiogram on-an Offner system and. wiitha

Ihipps ,and-Bird Cardiotachometer. The electrodes were
held against the chest with elastic belts..

The M17 Mak was modified to permiit- collection of
expired' air. by -removing the Voicemitter-.outlei-valve
cover and forcing a tight fitting'copper~tubeilite% the
outlet -valve. seat. The copper tube wan connetei .0
rspliratory'.tubing which led-to a 170 liter gasometer.
Asmall pump c ontinuously sampled the expired air as
it",entered the gasometer. -These samples'were analyzed
for C02 (with the Beckman LBI analyzer). and OO(with
a. Chemtronics transducer). A small metal' tubing with
holes drilled in it was fitted to the nose cup of the
*mask In order to' monitor pressure in the nose chamber
of the protective maisk and to record the resp atr
frequency of the subject. iatr

The above measimements were taken at 2Q minute
intervals%, During'each hour of the experiment these

* were recorded twice during -tooi Walk and once during the
rest period.

The subjecti wore ~weighed nude to within 5 gram
6~n a Buffalo platUbru scale bef'ote and after the day's
wfoft. They were also weighed complotely clothed before
and after the walkv,during every-hour in each rest

*period While reclining-P X a hair attotchod to a

2, Statistical bWAlOaes

The exporimentax data obtained during tbe walk
have been analyted'separately from those 60tained during
th. rest. tho data were £tabjeoated to simple correlation
and regressibla analyses, Statistical significance of

17



the differences in mean values of physiologicel response$
in differ~ent experiments was deterinend tq, W tests*
This'was done'becausth. number of experients under
hot donditions was not the same as those under cold
conlitions;. Nino experiments unde!, hot conditions wrere
incomplete duae to the failure by the subjects ,to finish
the-4-how' walk. In addition, there was occasional
missing of data due to the technical difficulties, 2here-.
fore, the data in each experiment were initially averaged
by time over all the subjects* These average values are
plotted in Figured 1 through 7.

B. RESULTS.

The overall average-values and standard deviations
of the physiological responses obtained under different
experimental conditions are listed-in Table-4. The mean
values of the responses obtained during the walk periods :
and those obtained during the rest periods are shown
separately in Tables 5 and 6 respectively. The change
in thA e responses with respect to timi Is sh'.vn in
Figures 1 through 7, The values InO minute represent
pro-walk data and those in 240 minutes represent recovery
data. b~esides, the data in 60, 120, and 180 minutes were
alto obtained while the subjects were resting. The best
fitting relationships: describing the rate of change In
physiological responses were obtained by the method of
least squares and are given in Table 7 for the walk
data and in Table 8 for the rest data. IV3 tests of the
above data are presented in Appendix Tables IA through
IZ, The parametbrs which failed to show any significant
It' value were excluded from the tables.

1. Body TeMperatures: It will be apparent from the
above tablesmthat Chere was a general tendency for an
in--reased rate of body heating In the experiments with
hood under hot conditions (DET 4000).

(a) Forehead Skin T erature --- The greatest
measurable diffeene appear. tob the forehead skin
temperature (Tf) which was averaging 1.140C higher in
experiments in the hest A4 th both mask and hood on (HE)
than in experixmwnts with-osask only (HM) * The difference
in Tf between the IJ' experiments and the ones-where the
body was naked except for the art. eoverod by the mask,
hood and shorts (HSI-was O.66C* ften under oold condition
(DB3T 21C) the ?af was higbest'in axpWi*nte with rask
anid hood (CR). The difference in ?jf between CH experi-
ments and those with mask only (ON) wits 2.2*0. Whan the
Tf data were analyzed separe.tely for the walk and rest
,Periods (Tables 5 and 6), the rosults were essentially

18

I2 _0 0, Igo-.'

7- 7



' . ,,, m ~. . .\ii i _-

, +. . !V, +1 +,

4 C- C- r

* 4 * 4 4

+t +1 +1 +1 1 1 1

A 20 is A R

;' I +1I +1 ;1 ;1, +1,;

19



00

+ 1 +1 + l A , -A

-- -

43' 'vo.

4 -4 CA

; 1 1 +1 ;1 1

4 4N m -I 4 N

20

-* t~ Emm ramr4 tm

mm*



'To •j +i Ti +1 Ti

>21

M 1 i l m5 i-4 +5 It

+I ~,1I+I ;I;I;I;

w + +1+1 + +54 +

21



rq CV 14 1 '-4 e 4-

0 N r4

-4 4J WN 4

11 17
4p'

22V



+1 - - +1 +1 +

-% C

0 ;9 1 4-1 41 ;1 ;1 41

C71 nO -%t c'c li

ON IN 0 P-4

+1 +1 491 +1454

23



'0 IqA 4~ q~ A 4

E- w w>

V- fn

I~ P. N- c

HY H 1-4~ ri H'~-



14 N

429

if

y P

1~1 f ti It If. I

44

e4 M M 4 w % f

H2

i



El- v N r4 *- N

+ + + + + +

II I~ I UI % CNI

00 .1~~r.

N O

H Hq

00
0 n* $

0N m Sl * N N

I26
+~ 777+'7M-



+ + + . +

.' 9 0
8

a~~r pi. H H U

00

.4 (V M S

.2

o I I I I I -

--A



43 + + 4 ++

%C%

q44

.4 1 06 1 0b *1

* * *fie

% * * * 28

0k



cq,

ie i iiii

I ~IV



+~ +

*v V 14 1.4 *v 1V4.

At
S + + I + I 4

M ~ 4 ~- 4 * *
' I i t to ofII at

~ 4W

03



The Tr ina .*porzae!to ith LMasic *-tav, W,
thos 0 with heaid bUri "11) b~tb %zitat h6ot, 3A?

Significant 0&17 fht the. 0"ErWnt# In -tb6 bhrt ii

the~oc rJEWltdif la T bini etw~on Mrr~ o
e~prii;Lns.liiletit. W&t t a 1

111=d1~ HN experimvats (1Tabos 7 & Is and Figtxro 1
The diffoe'enoes. in regrostion coaffliietsi.rag tlae!e
experizeent.2 were not signtificanit for the walk data
(Appen-dix Tae~ ID)' However, 'Tor the rest data, thtt
rise In Tr in RH oxperiments was gnificeantl7 frteT
thati in HA~ and Eli experiments (Appendix~ Table'=-). "-f-
1b* val.ues Ui.e., regression coeffici.ents)' %ore lar,

In 1 e0i, excinients with hood (viz, TM arid 10 f')
thS r13at data M5i cuprad to the walk daa In jS
experimants anci., in experiments in t.46zca thecre was &nf
initial decliri in Tf. for the first forty wminates. T1hen
it re.,alned iteady up to~ 160 min-ates when It began to
rise. Thb rieewas mos8't 'pronounced in HB exper!6rnnt.L
followed by CHi 6xpqriMents.

(b) - Reta OtT2erature-.'he mean rectal te~eature
(Tr) was hl-i I zhatexeriments as compared to those
in the cold (Tables 4,,5,6). Ini the het Tr V5 a higher
with the hood than with mait alone and lower witaout

eithr msk o-bod. r iNexperiments approachedth
V~alue of that ta EdD experiments. Howveer, none or' these
differencesi were statistically signlfiocant and th-as not4
Included in i he' tabl~es of It t tests. Som of the data
wore teatd by the Analysis of Variance. The analysis

*revealed It peat deal of variation, due 'to subjects. This
might have contributbd to-the no' -significant differences
in the responses sa-vmg different experinients.

Tfhere wma aslgni.ant rise in, TV. with tine in all
the experiments (Tables 7 -ard 8 Figure.2). The slepe in
steeper in heat experim~ents thant in cold experizents.
The coefficients. were ILargear in experiments with mask
and hood on than in those Vith imask only" at* both hi&h
and low room tezapsratur6-,v*E o-4sver, these dififerennes
were -not significant, Uppendix- Tables IDaid IB). The
rise in T was .tastar In, 1i eeriments than in RB
expei'imenfS. i'o; the walk datas h tbl? value was larger

A in FN experfrezts tbon-Iii U#D xperimehttt'.

( M Iea ~in 2'. erature-7h mean skin temxrnra'.
turo 'T was calcilati rom he imw:eighted averags of
twhe ea'dings of the. thermoccuplez Ini IZour lt

3c.st Available COPY



6txecludig the Voe~~ ae ~c
aeat :iexqprim6 "t ia~n in T&I

-as high5r than, IT,1 :xparimmat
turn yielded a hi- 2er Ts than HE $ ipailm-ntl. E X

.7,ents with a large surface aera exposead 1, T qrh.
sent yieldod the -loweat T 8 .

- The time trei-d in T. wasvigntifcehnt in all the
e:xperiments under resting dondition -( )...o . , the
saik data this was true only for exp rmunt i the
heat (Table 7). However, there were no significant
differencea amorg heat or cold experiments In thel7
'b' values (Appendix Tables ID and IE). It will be
seen from Figure 3 that in BN experiment. with the body
exposed for evaporation, T, was lowest c," all heat
expt'imants both in its magnitude and rar.e of chano.
Th- : ifferonf- became smaller aa the expornent pr opre:F,8
pajr'r.culerly e i'ing the latter half of the oxperiTr.ntal
period.

(d) Mean Bod TeMerature---Mean body teinperature
(T b ) was caicl-ed from the rectal and skin m-rrporaturea
weighted two-thirds and one-third respectively.

In the experiments at 4O 0C Tb was the highest in
the HI series and in HRN series it was th.e lowest (Table 4).
The 11M experiments yielded higher Tb than did the HB
experiments. At low room temperature the highest Tb
was recorded in CM experiments. Wearing of the hood
caused a greater rise in Tb for the walk data at both
room temperatures. The rise in Tb in HN experiments
was 31ow during the first half of the experimental
period (Figure 4). After the second hour of the
experiments, the slopes in HN a.nd HB experiments bezame
parallel. For the walk data the 'bt value in IIN
experimentswas greater than in FIB experiments (Table 7)
For the rest data the tbt values in both HN and H3
expuriments were identical (Table 8).

2. Heart Rate: Due to the mechanical and electrical
interference encountered occasionally in recording the
heart rate from the subjects while walking, the data on
the heart irate obtained during tho walk periods were
fewer than .those bbtaiied duringi.,he -est periods.

The. average heart rates were .'igher in experimencs
in the heat' than in the oold'(Tables-4, 5. 7)6 The
wearing of 'the mask ard hood resultbd in h4her rates
both in heat.and cold experiments, Vhile tho wearing of
the mask alone resulted -in hiE1ier. rates only in experi-
ments in the heat* He:t: rates wereabout the same both
In HB and HN experiments.
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tL,-4 in th OX mnain h

E~6:a exirjent or .For Uat* the a,~
lHno *xeihtcn. !In~ was =:-*aii br

th er zielnt -* n e 'For or7

(av HM61Aaticnhli iRae--10heewas hrd. anatuS
rice in respt ratonwa rtric t') Ing dfeent W i W' -
hoqrdt 011)ho an the ht inor i t with~ To heat,

thein HM7 tRI4 CD exeietsw fo pr wdto (Table.), ze
*xp~vt dfern -- priments withinndi Tabl 2=5

(a) m esinuticnVltwe-Hood was brslye an dhiger-
one In~YTEiwen th) amang dlofereoth iner-
higens tb in theri at r CBit thael. Th2.oera mea
at bortrj raote veares Lrowe20to 23 par mibted ( eN
41 59 6).T he s n fkdt we-tr a lz snfiaratlAy
InHMa C experiments fowak't' (Table 7). Tohoftesosteenre
exprvalues wae signficanty higerthan tnath ofthe E

in thrie oot (Table6 nd ApenIDix)'a I)

minute lm (a) sgnwa reiing t te =snbohIn H
ehperiants oth conin (Tlables da) a (ovTbls wand8n
higre)nthese in-oxpeiments B)wt he -ugnsovee hoeadin

as seigznficantly arl dta thore n RN d allperptely,
HRnt exein'Ll the od(Apni abeei and folowd Foy ran
CB'experiments Tbe)

(tt1tcall sariglTnioan of(Arbni Table IB). in C
eprtaltsio V a ir44 17hor than inOJ r the oth~e irrner
trom 27t'0mg ndfeetexperiments inte(Td' n etdt, ~ abls4)

experimen3s BohI ~l n est Aail(able 7Copy8an



Vne, 6_7,Sfren -is in L infvO 1w, :k><

Pc0g 'ih CBeceietsis ii nt'7
tAAt i~n a'.1 but ;n~e HB ep ~ t '~~
Apperdix Tskbie, 10. Besidesein.4O "

~perXtents 1waw* atix > z t tban ~
with. the,5,obodon both Ln, the 400 C sad.j~ *1CC -I-r~%

In the majority a. xpariments Itharte v~a , dezJline
in PC02 with tine (Tables 7 & 8 and FrV.e R 7-er
the rigr'ession cdeffuctents wer sinfc="17 d_ , .r
from zero only in HE, VsG ana CB Afor ttt
v~alk datit, At 400 the 4 4Aoc~ln in C-:2 Pr~fir~ I INwrt
xaiminau In 'experiments irith the hood on. Varix*; t1:,
mask alone resulted in a greater decline than-with
the head ieIft bare. At .2100 only mask v'eni-ng resulted
in a maximum'decline. jn pCOp. The decline va! -ain i
In HN experiments.

(d) 'Mask Pressure --- The average peak mask. pre~aure
(Pm) wera erh i experiments i'n ' tie.,'-eat th~an ir the
cold (Tabi. , 14). be pressures varied from 3.0 to 3.sem H20 at high'r room temperature an&. from 235 to2.
cm H0at th 'e lower room tempercture. The P in flN
experiments 'was 2.7 cm H204. However, these Wifferences
inl Pm among different experiments 'were not statistlical].7
significant miid thus are not included in the tablet o4%
It' teats (Appondix Table 1A). For walk data,, P in

OR and I'M experimenits were significantly lower than in
all but MT experiments in thle beat (Table 5 *tnd Appendix
Table 11B). For rest data the P as )d&nifiearltly higher
in IM1 experiments than in RB 0n CH rfxperiments ($ablt
6 and Appendix Table IC)*

*The ibf value for F was not significantl-y different
from zer'o for walk 'data Tndicating that no'reatl Incr-sase,
occurred '(Table 7 and A;pendix Table ID). For rest data
the rise in PM was sig-nificant in HH, HM, CM and HN
experiments.

* 4. Resonses Nrin the Final Wa?,.k: The data
obtained pr'iori tothe f'ii rstlg peirTod corresponds
with the observations. at 220 minut'es in the Figuxres 1
through 7. These data 1l",sted in TabLft 9 represent
approximately the peak values of different reaponses
Obtained in diflerent experiments. In general the
~valules were greater *then thle- av-erage, values obtained for
the entire walk' .dati. (Table *

As earlier), Tf was maximum in experiments with hood
on and minimum in experiments With the bare head. "M
ex~eriment-s ranked next to the HE e.-perinents in 12e~.
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Mv T intb.* tQe ~ ~ (

1-nr th in epe~ti
=17i wa.st1 -

tv""." ~ ~ ~ ~ ~ , , h,0102-,ecan *a

ask and hood'on Zollo*d by X&fa& on6.' Tki Wma
* consioternt -both ft heat' and cold er

every v ,he -ff erbhce in:.T6 -aong dif f rnt.
witlai the same ambient teipera14,'=e was "P a It
significant, . The 'asp'onso ih-'jy, jfl: ij ffrent exporlmnnta
was oseentially thb- sawn as iha -of I vlth~k.gard to~
tbe -relative magnitude wnd their -sitat! t a eaa

The average heart rate.was Mgher- M" -1 '400C ambient~
temperature, However&' thi's wfas not- zign1izai:c tly d~ffr-
ent from the average rate at'lower 'ezueratum. Ibis
might be due to the small degreos of freedom Aailable
for statistical tests anjd also due to the large variation
aamig the subjects.

None of the respiratdry variables. showed -any signi..
ticant difference in thelr.relativemangnitud1es in differ-.
ant experiments, Thus they were not listed 1n the tabloa
of It, tests.

* Asbefore, respiratloni rate -changed very little
from experimnt to experiment. The- Only COiASpiCUOU3
~ifference In I Was iniffi experimenta. 'The last obaerved
Vduring walk was on ah average X.. liters grleater thanf

the, average 't of all the-walk data (Table- 5 ."The
average final pCO2 during-walk wa.s lover than the aver'age
pCO2 of all .the walk data. However, the. saveage pCO? of
the rest data.(Table 6) and that of the milk and res
data combined (Table 4j) were-lower than th- last observed
pC, -during walk. As earlier; -Fm w4as ~au~-in experi-

mnswith mask only at both room- temperatues. However,
the difterenees among different experiments were not
statistically-significant...-

5. Bo- itr Lose in goody weight of the aub ects
was recor!!TI-ighing them zkude~befor*.and after the

endof~heexperiments.Tie were wloveighed ith their
elothes on-every hour~ duwing the. riftng pdliiod. In
addition, the gain-in eih o.t ltesoinby the
v ub3I4 .ta -was as recorded-by weightdg tbo.clothes at the
beginning emd at- the end of the experiments.

(a) Nud W4 !lit Los a..-Hood warIM.-had-the effect
of adding bMM ovr mask woaring alone at the higher
room temperature and 0.15 Kg a-t the lower rcom temperatura
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I.'p

tomm 'ature "Ai 0. 15; ga low reoi

In 1 d eight, 10as in,
-sabiont -temp>eratvres but not. b~ftwaen ex A nl,,
the namo amblent temp~erature (4pen4in zxeV

ThZe ;.,esultsmm~ essential~ly the=1 vabsu d &ehW c7 '
*ton -4&9 expressed 2OLPercent. T hbdwI- : .

* b.1ginrning or the experiment '. -The nude-weigt Ioas
vraied from _3. 22 to !4,38 Percent in-the hoat arnd
1 .,56 to 1,82 pqrcent in -the cold. %Oy 7
5,% bodweight loss was' obtained prior to theo attai~n=
of a rectal temperatr-re of 39.3*c as wa ske for in

teoriginal protocol ofthis'study..I is -obviou-frv
Table 10 that the subjects$ especially those 1,f.th hood
were reaching 39.930C rectal temperaturc. prior- to v r

*much dehydration. It may be that aL high de~er3 of?
dehydration with the-hood prior to the 39.3"C limit will
*be difficult to obtair under the present eperlentaCt
set -up.

(b) Clothed Weipeht Lots---The evaporative lose
from the su:bJects with their clothes -o, -when tbhe epri'
merit is in progress, in given by their olothed veight loaaw.
Adding hood over the mask made little difftence n
clothed we-ight loss at either room tarnprature (Tab~le 4).

*Howeverg with neither wiask nor hood covering the hread, the
elcthed weight loss became smaller .particuhirl- in
experi~nentsl nthe heat. In H1N experients~ cba-ractezized
by only the head axd loin covered, the -clothed weigh)t
loss.was 2.4O.KXg in four hours while in BB1 exporimvsnts
where-only the head was not covered, the loss was 2.23

K. As in nude weight 1603, the difference in clothed
weight lose was statistically significant only in experi-
ments between two temperatures and not among experiments
within .the sam temperature (Appendix -Table 1A).

* ~~o)Gain in.Clothes--,The'lose. of-body vater which
*was net. evaporated Tsui wa arrested by 'the -cl.othes worn

"I given. by the gain. in weigh-t of the clatbas at-the end
Ofthe experimnts. It vas mximn In ,experimnts In

the he;at', hen the suabjects: had bothMask aiiJ hood on,
intarrnediite with rmask alone and mini==a with barohead

aTble 44. The difference- bec'me"nonexistrint in cold

~j ''~'table Copy
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Subj *at Timm "nqu b utI yd n n It .m.k
RmacbT' -39-3 0C (pwasot of'boo t)

R.N. 2.0 2.4 Rood

R.1. 2.5 1.48 flood

R.N. 2.0 1.39

R.H. 4.0 3.70 hz* b"d

D.N. 3.0 2.59 Hood

D.Wo 3.5 3.88 Hod
4.0 3.6 ask on1y

L..2.5 2a.48 Hood

L.C. 1.5 1.47 Hlood

LO. C.5 3.72 Mak oa!y

T. s. 3.8 4.19 !ak only

R.B. 1.8 1.53 ld

R.P. 3.9 3. Mask o-17

C.Z. -. 5 3.12 ood
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6.6 He Log.: ftis was OalQUlated frCM 0.clote-sd weig oss wl-qo i ssed in tmmulative fr 4 a1W ti-

the four hourly seausureots taken during the restIuS per ods
of the experiment (Tables 11 & 12).

D ring the first two hours of the experiment the" was
morPe vaporetive loss from the'subtott ws oieari ~ mly th & mel
than when waring both the mask and hood. We was tme fow
exp./eats at, both hih and: lf rom tawv"4L Drs. us
tho lat two hours the evaporative loss with meek and hood an
approached the sam value as in experiments wit. ouly the mask
on. The evaporative loss was c'nsistently grrcer In BN
experirpnts than iu.iEB experiments. The evafrwrtlve 1o0 was
consistently lower in experiments where the head was lott bare
than in those where the head was covered with either mask or
hood,

7. Heat Storage: As expectod, the heat storage was
greater ath3jhtan at low room temperatures (Table 13). At
both temperatures, it was maA u when the subjects were vear-
ing the hood. The difference In heat storage between experi-
menta with mask and hood and mask alone became inconsistent
in experiments in the cold. Heat storage was also greater at
high temperature when the head was covered by mask than when
the huz4 was bare. The difference disappeared at low tempera-
ture. %ea storage was 4j2.6 cal/r2 n experiments end
33.5 cal/m in HN experiments. The difference i-1tween the
two eperments in heat storage was 12.7, 16.8, 5.8 a"d 3.1
cal/m, on the first, second, third and fourth hour respective-
ly,

8. C ns tion: Due to the technical difficulties
the nu er orespiratory gas samples analyzed for oxygen
concentration was samll. As seen in Table 1'+, the aver'ags
Values a" oxygen consumiption in CH,CM and C" experLsaents were
0.68, 0.72 an 0.86 liters/mmn respectively.

9. R03onaes_ during Early Terination of the Assipn d
Walk: Piological responses and subjec lve ayuptoms at the
tI~ when the subjects were unable to continue the walk wsre
recorded and are presented in Table i. The majortty of
failures occurred in the experiments in the heat when both
mask and hood were worn, zamination of the data in Table 14.
and comparing them with .he average values of walk data in
Table 5 revealed that the body temperatures, pulmonary ventila-
tion and mask pressures were higher and expired oarbon dloxide
pressuree were lower when the subjects discontinuod the walk. ,
The response which appeared to bA consistent irrespective of
the experimental c ndition* is the attainment of a rectal
temeratura of about 39.0eC. In the experiments with hood
discomfort was frequently reported. Besides the symptoms

listed in Table 14 lack of motivaticn for a prolonged wtlk [

. -8



Indoors, inrli'ity to wipe the sweat drippig from the for*_
head, unusual f'eling of expired air over ths *5 aMo fa* 
w:are aso corained of. Only one subject (G.CJ contiw. "
the wt ik for ftiv% turs in dfferent experimenta. Thshe. tt,
are Included in tha yass of raw data collected from ths *so-
Jeat,. This subject was fairly- rsirt4t to heat *treat as
indisated by thelow- rise of his body temaerat res, Th#ee tin
a general tendency for the ventilation to remain fairly cons- I
tant until the errninftion rectal temperaure of 39.rC
Howevor, only one subject (DN. s howed clear4 cut hpervetflae
tion with a reduction in the tenelon of exrired t c.znm diozid
prior to the attainment of' 39,30 C rectal temptratue. This
occ uri-red with both mask and hood on. §

it nte-re~ationship amosDfentvolil
&esoon! s:~p t Za cuat on were one oF az xperiet
FM-M Fo the data obtained during walk were treated separately
from hose obtained during rest witWn ,he same exp rimntal
condition (Appendix Tables TA a 14 1B),

In both walk ar.d rest data of th expertments in the heat,"v
the forehead skin temperature showed a significant positi.--.
correlation with rectal temperature and also with the meo.n
sk ..: temperature. A gnii ant positiye correlation was
con --sati obtained between Tr ane Ti In all the experiments.

MC&a. body temperature being direct] 7 C alcuiated fra the roe-
ts. and skin tempe.ature, a high c -we.'"tion between T and
b )th T. and T.was very obviouis. ; terpcratures also
showed a &Qns-stert positive corryiat.hn with heart rate in
all the experiments. Jhe rlationship between the body temper-
attu reN and partial tension of %, as Inverse in most cases.However, thle r-,:gatlve correlatiln c.101fftiaenta between Tr azdA
1, 0were sL ically significant only Yn two experiments
viz", those wIth the mask and hood and wiSi mask alone in hot

condttiont Te roclationship between Tb and it'nute volume wag
positive, "rticularly in the walk data, The same was true
between respiration rate and .nute volume. The relationship
between minute volume and prtal tension of COo was inverse
in al! the experiiments. Zhe negative correlati8 n coefficients
were statistically sIgnificant except in FM experiments0 A
highly significant positive correlation was outained between
mtnuta volume and mask proasure i. a majority of the
oxpIments.

r[ :/



10.499 1.133 1.8%2.0

2 0.589 1-1224 1.895 2 '49

30,440 1.o60 1.629 2.2"

40.222 0.500 0.809 1 Q39

5 0.257 0.529 o.766 1.034

6 0.229 .010,73 .9

'1 0.539 1641.790 2.39-5

l-..- ..-.,-,l....I ..... ..... .....



rI

1150 341 569 748

2 176 366 567 747

3 132 318 668

i4 66 149 24 311

5 1 159 236 310

6 69 151 221 299

7 162 350 536 713



1 30.4 hi. 5 49.4

2 22.8 33.6 43.7 47.0

3 26.4 31.6 35.8 42.6

4 10.1 12.4 14,0 20.2

5 13.7 14.4 14.4 17.7

6 12.3 11.3 13.9 17.8

7 13,7 24.8 30.0 39.5
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Mgas8 ,

1. Heat Tolerart.: In general, there appears to
be no mareM n d eeA4 s in physiological responses
of the subizots wearing mask and hood and nask only at
neutral ambient temperature as *ompared to the responses
of the subjects with head uncovered. However, in the
heat, early termination of the experiments was primarily
due to wearing, of the mask and hood. Based on the subjective
opinion it appeared that the hood contributed more than its
expected share to the complaint or impairment of the subjects.

Under heat stress conditions with the wearing of the
mask and hood the major agent of impairment or discomfort
seems to be thermal rather than respiratory in natre. That
the E33 hood attached to the M17 mask contributes considerably
to the heat stress of men wearing the CBR protective assembly
has been reported by Craig and his associates (9). The experi-
ments with the M6 hood in the heat (HH) in the present in-
vestigation resulted in a characteristic rise of body tempera-
tures (Figures 1, 2, 3 and 4).

As early as 1909 Sutton (23) described the physical
and mental state of men in hot humid conditions. Once the
rise of rectal temperature was fairly marked (38. 4-38.9eC)
the continuance of any employment like reading a book or
sitting in one position, became intensely tiresome. Later
on, when the rectal temperature rose over 39.1eC any
irritation, however slight, beda'me not merely tiresome, but
actually annoying and trying to one's temper. Immediate
relief was felt on reaching the cool external temperature,
and this was accompanied by a rapid fall in internal tempera-
ture (l.l-1.6 0C) in 10-15 minutes. At a wet-bulb temperature
of 35*C sweating became extremely profuse--saturating the
flannels worn, and in one experiment the thick felt soles
of a pair of shoes. Much irritation resulted from the sodden
condition of these garments and from the damp condition of the
face, from which, especially wi~h definite rise of internal
temperature, the perspiration poured off in big drops.

The average hear storage in HH experiments in the present
study was 58.2 cal/m at the end 'of the four-hour walk
(Table 13). Craig et al'. (28) in their experiments with
acclimatized men observed that the best correlative of cler-
ance time of walking subjects on a treadmill was their heat
load, During termination c. the experiments by the subjects
the following values of different physiological variables
were obtained by the s';thors: heat storage 53.6 cal/mn,
rectal temperature 38,90C, skin temperature 37.0C, msan
body temperature 38.30C, the rise in body temperature 1.60C,
heart rate 170 and nude weight loss 2.05 Kg. In studies on
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voluntary tolerance tine' ±nme n-working In insulative cloth-

ing in intense heat, Blockley (6) found that the averase
heat storage value aa a detooerinant or twtolerane time and
of duration of unimpaired perforsawo-vas- 77. aX/'. Higher
values of this storage index were porhapp attainable here
because of the rapidlyrising skin tempersturea*.; Hosver,
the value was 55 cal/s for the least heat tolerant individ-
uals.,

2. Beat Induced &Wprventilatiom., Because ths wearing
of the mask in the present oxperiments ould produce hyper-
ventilation from respiratory influonces, this war carefully
considered in the present work. The increase an body tempera-
ture during exercise is well substantiated 0. 5, 20). The
rise in temperature was found to vary In dilfferent individuals
performing the sam amount of work (16). Eowever, relatively
few measurements have been made .of the effect of an inarease
in body temperature upon respiratory volume. Haldane (14)
observed hyperpnea in men only when their rectal temperature I
exceeded 35 .90C. At 39.1°C it waa marked during muscular work
and distinctly noticeable during rest. Similary Graham and
Poulton (12) did not observe dyspnea in their subjects until
the rectal temperature exceeded 38.90C.

Hill and Flack (17) found that the immersion of men up
to the neck in a hot bath (43.3 - 46.10C) raises their body I
temperature up to 39.2-40.30G in 15 to 30 minutes. This in
accousAnied by increased pulse rate (up.to 160) and respira-tory volume (up to 50 liters). Bazett and Haldane (4) obsb.,ved,!
that in baths below 37C" respiration of men was unaffected.

In hotter baths sweating began at a mouth temperature of
37.26C. During rapid rise of temperature hyperpnea occurred.
Its interosity varied with the rate of rise rather than theI
temperature, -Thus one subject with a temperature of 37.2*C
rising at 0.13* per minute breathed ?7.3 liters per minute.
Alveolar pCO2 had fallen from 38.7 to 25.6 mm. The hyp#nea
was accoMpanied by faintness, mental confusion and tingling.
When the temperature became steady the symptoms abated. Thus
with a steady body temperature of 38.60C the same subject was
breathing 12.7 liters per minute.

Landis et al. (19) studied the effects of hot baths on
respiration Tn man. Total ventilation increased steadily as
the body 'temperature rose. The minute volumes at rectal
temperatures of 40.3 and 39.70C were 34.4 a"d 21.6 liters
respectively. In one subject the rate of rise in body
temperature in the hot bath was l.g9C per hour. Maximum
rectal temperature reached in 65 minutes was 39.2eC. The
maximv r espiratory volume at that tiiii was 16.6 1/min,
respiratory rate 21 and minimum partial tension of alveolar
CO was 22.6 mm g. The authors concluded that in the
hoi bath incrtased ventilation was due partly to the rate
of rise of body temperature and partly to the absclute level
of body temperature.



The increase in ventilation in hot bath experiments
has some times becn ascribed partly to the' increased thoracic
pressure ca,-4 by the surrounding water. However, hyper-
ventilation has also been observed outside the 'ath in a very
hot humid environment. Cunningham and O'Riordan (10) worked
at a wet-bulb temperature of 39*C. In three experimente the
initial hyperpnea occurred after the rectal temperature of
the subjects had risen 1.2, 1.0 and 0.20. Zn one subject
minute volue was 40 liters at a rectal temperature of 39.0 C.
The authors concluded from their experimamts that the
respiratory response to a constant raised temperature was
smaller than tiat to a rising temperature. lampietro (18)
observed that tke tolerance time of sitting men exposed to
heat decreased as the incidence of tetany increased. It was
noted that the environmental condition3 which elicited most
cases of tetany were not necessarily those with high dry-
bulb temperatures. The incidence of tetany at DBT 115RF
and WBT 100OF was 30% (toleraiice time 67 minutes) and at
DBT 115 0F and WBT 111F the incidence was 88% (tolarance time
27 min.). Thus the wet-bulb temperature appeared to be the
more important factor. The author coneluded that in the
production of heat-induced tetany, it was the rate of change
in blood pH and pCO that was criticl rather than their
absolute changes. ;,e change in body temperature and calcium
concentration did not appear to be the important factors as
tetany disappeared rapidly on removal from the hot room while
the val, -:s of these two factors remained for a time at levels
attained in the hot room. It should be noted becaume of its
pertinence to the present work that this au'thor reports that
men working under sever heat and humidity conditions do not
develcp tetany.

One feature of hyperpnea of muscular exercise is its
precie adjustment to the metabolic requirements of the
subject. This is true even in cold environments where heat
dissipation is not a limiting factor (21). The increase in
v-intilation, has been found to be uirectly proportional to the
i-itensity of work (13). The minute volumes at work loads of
180, 540 and 900 Kg-m/min were 15.1, 29.1 and 46.3 liters.

Ts'ao et al. (24) studied the influence of ohanges
in body temn rrTures on respiration in exercising me wearing
shoes, socks and shrts at 250 and 40*C- Relative humidit~y
ws 25% in both environments. In hard work (9.3 Km/hr
grade) experiments in the cool environment, the steady states
of ventilation in the successive lO-minuto bouts- of exercise
changed very little while the corresponding body temperature
rose. On the other hand in prolonged moderate work (5.6 Km/ku',
2.5% grade --for 2 hours) in severe seat, hyperventilation
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relative to oxygen consumpticn occurved when the subjects'
rectal, mean skin and mean body temperature exceeded 39,
37 and 38*C resPectlvely, Ve4tI1tiPn is not 9reatl ,
affected by changes in rectal ]wemperature betweev 375
and 39.o4C. "his.findin&.is similar to that-.of bjoure
et s~l (11) who iound that .when I-oluoed hyperteri ia was
ial er than 10C no relative hypventilation was observed
and the ventilatory reactions to the. onset o 4%n ioxerdise
remained unchanged. Thus no evidence was foUd for any
particular stimulation due to increase in central temperature
in mild to. moderate exercise, .

In the present study the experiments always, terminated
with a rectal temperature of about 39*C.' iith the OeXeption
of one subject (DN.) hyperventilation did not seem to be
the major problem of the subjectas wearing the protective mask
and hood while working in a hot snvironment. In fact, the
average values of respiratory variables studied were not
markedly diffe,-ent in different experiments (Tables i. 5 and
6).

Beat-induced hyperventilation has also been reported
in environments sufficiently warm to promote sweating at a
rate leading to dehydratl.on of about five percent of tho
body weight (1). At an air temperature of 1200P, the
ventilation rate of men at rest was constant until a water
deficit of about 5% of the body weight had bein attained.
Both heat and dehydration were required to induce the hyper-
ventilation because when the dyz;_nic subject cooled off
sufficiently without drinking water, the hyperventilation
disappeared.

However, in the present study, with the exception of
the same -ubJe-t As mentioned above (D.N.) a 5% weight
loss was not obtained at the end DL the four hour walk.
The body was heating faster before a hith degree of dehydra-
tion was attained. In these experiments, dehydration hardly .
approached a 5% level before the subjects reached a rectal
temperature of 39.3 0C or before intolerable limits of the
heat storage index were attained.

3. SRecial Factors. The most conspicuous response in
the experiments withe hood was an elevated fn.'aehead skin
temperature (Figure 1). In the experimental veries it. which
the mask and hood were morn in combination with aborts only
(HN) to permit a large surface -rea for sweating, the rapid
rise of body temperatures still occurred. One plausible
explanation for this phenomenon is that the head and face
of an individual working in the heat present important surfaces
for heat excbange." This funotion is lost with hood wearing
and iUpaired with mask wearing,
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Subjective thermal discomfort appeared repeatedly :ith
wearing of the mask and hood in the heat to the extent *.hat
the subject could no longer work. The face was consitt~ntly
flushed and symptoms occurred frequently (Table 14) ever.
though the rise in temperature was less than that seen in
many athletes in strenuous competetive events. It appears
that pert of the mask discomfort, may result f~m phys1ological
or psychologic~l effects of an abnormal situation.

There is some indication in the litersture (2. 15) that
the direct heating of the head area evokem thermoregulatory
responses greater than would be predicted from the thermal
increment alone.

Hardy and Oppel (15) remarked that as regards the sensi-
tivity of the body to heat, the location of a particular skin
area might be more important than the size .f the area. They
observed that the average sensitivity of the face per square
centimeter to the nonpenetrating infra-red radiation was more
than twice that of the forearm and hand. Bader and Pk.'it (2)
.report that the German workers engaged in military research
during war obtained some evidence that the face is a reflexo-
genous zone, the cooling of which induces marked'vasoconstric-
tion in the fingers. In their own experiments of heating
different areas of the body by an infra-red bulb, Bader and
Macht observed that at a DBT of 15'C. face-warming resulted
in a significant rise in skin temperature of the left hand
and also a significant increase in blood flow through the
hand as measured by venous occlusion plethysmography. On the J
other hand, warming either the chest or the lower leg caused
no significant changes in skin temp6rature or peripheral
blood flow. At 23.5'C DBT, warming either the chest or face
to 42 to 44C for 90 minutes resulted in significant rises
in skin temperature of the hands and toes. The increase in
both skin temperature and blood flow was geeater in face-
heating than in chent-heating. However, in any of the warm-
ing experiments, no consist,nt changes in skin tomperature
of forearm, back, thigh or in rectal temperature were noted,

Thu: .>bsequent to the main series of tests in the first
phase o" thi- study a few experiments ol' exploratory nature
were c iducted in the second phate. The design of the experi-

ments in the second phase was influenced by the results of the
experiments in the firat phase.
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111. SeconAd Phase

A. Experimbnts on Heatin of Localized Areas of ;e i3d1y.

Aseries of experiments were conducted with a resting V
subject to investigate the effect of heating the head area
as compared to an equivalent area in the trunk.

I
Heating was done either w3th a heating tape, a metal cup

circulati-j hot air through it or by infra-red lamp and re-
flective heating coil. With the tape and the cup, the hoat-
ing was restricted to a very emall area while with the other
methods the heating was done over a wider area. The sweating
rate was recorded from the calf, thigh, arm and chest by the
resistance hygrometry method (7).

At a dry bulb temperature of 300C some increase in
swe-ting waf! noted during the latter part of the heatin g
period. Thl.a response was observed only in heating th.
forehead, back of the head, and dorral neck only. There
was no response in heating the abdomen. At a dry bulb
temperature or 330', "he increase in sweating was most marked
in heating the neck, intermediate in heating the head and
lea3t in heating the abdomen (Fi.wue 8). At dry bulb
ten'perature- of 360C and 40'C using an infra-red lamp and the
heating coil, the difference in sweating rate between the
two treatments disappeared and the responses reversed in
magnitude in some cas.

The roctal temperature of the subject remained steady
at 37.8%C It did not rise in any of these experimauts, even
though the heating of a localized area was continued for
from 20 minutes to as long as one :our. However, at higher
room temperatures, the temperature of the tympanic mrebrane,
which was lower than the rectal teimeratura by 0.3*C at the
beginning of the experiments, merged with the latter as the
experiment progreseAd. The disappearance of the tomprrature
gradient was faster In head heating than in abdomen heating.

B. Exerlentm with Mask and Hood on,

Different experiments were conducted with the subject
wearing the mask, hcod -r=d shor-ts in a hot room.

At 36°C (DBT) an immedia~e rise in sweating roam tane
limbs und the chcst as recorded by the realatahce hygromsetry
method (7) was observed when the mask and hood were worn by
the subject. There was a similar decline in swoating when
the mask and hood were taken off (Figure 9). '"hse responses
were less dvident at a higher Poom temperature via., 45 C.
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Attempts were made ventilate the head area covered by
the hood ty circulating cold air under it through a perforated
tubing. The temperature of the circulating air was about 50C
lower than the room temperatu,. The decline in sweating
rate with circulating cold air waa greater at 260C (Figure 10)
than at 370C, or 45C (Figure .1),.

in another experiment at 35C the ventilation of the
subject when wearing the mask and hood (M) was compared
with that when the head was bare (B), The ventilation ratio
(MH:B) was less than unity during rest. When the subject
started working at 300 Kgm/min on a bicycle, the ratio
approached one. This finding was similar to the results in
earlier experiments ozi the treadmill in the first phase.
The decrease in ventilation under the condition of greater
respiratory resistance has also been reported by Silverman
and his co-workers (22).

IV CONCLUSIONS 

The M6 hood adds considerably to the heat stress of the
subjects. Similarly, as compared to subjects with the heads
kept uncovered, wearing the M117 protective mask also results
in greater discomfort in the heat. The impairment in per-
formance of men wearing the protective mask and hood is alsoe
evident when the rest of the body except for the loins is

left bare and thus exposed to the environment for evaporative
heat loss. However, at neutral aimbient temerature the work-
ing ability of the subjects did not seem to be affected by
wearing the entire set of the protective clothing, including
the mask and hood.

Since a high body temperature seems to be essential for
a rise in ventilation, further experiments need to be carried
out to determine whether in subjects working in the heat,
wearing mask and hood after the attainment of a rectal
temperature of 39*C or more results in hyperventilation.
ine ub'ae.ts il t". al rv e-oort~d [
thermal discomrorz prior to the attair.nent of any hype, -

ventilation with c ly one exreption. The attainment of a
heat storage indeA above a tolerable level appeared to be
the critical factor.

Another extension of this problem will be to conduct
some well designed basic experiments to investigate whether
an increase in skin temperature of the head area can be a
specific cause of rise in body temperatures,
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2-91?k t~u D. k ia d relt dt o~~

Expt. 2 3 4 5 6 7 2 3 4 5 7

Fve#,fllad temp. 5jti

1 NS * * NS AS NS * " NS

2 NS Ns Ns Ns

4 IS
i5 NS 3 NS

Mean body temp. S Wei- 12

1 NS NS 1W H* * s NS NS * * NS

2 NS NS NS4* Ns

k 3 ** * **N

4 NS NS a NS NS

5 NS * NS

6N*N

1 Pecet nudje wt. lose clobed wt, lop

1S MS NS NS NS S 45 NS *" NS

oP 0.05, **P N0.01, NS No t 0-ignifim.it I
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'VTeato of Mean Vpa.uss (waJkc-&UpD 11..)

Expt. 2 3 4 5 6 7 2 3 4 5 6 7

Forshnad tiM~. Skn tejg.

1 ~NS Ns NS N S

2 NS N S N * 0* * S

3 H4 0 * 0 S

4 14* * 3 NS 0

5 NS N s

M4an body to=p U-i

1 NS N.; 1: IT ~S NS N * S

2 NS Ns N S S NS N s

3 0N0 S N3 ms Ns Ns

4 V NS NS S 13

6 Ns

oP 46.0Q5, **P /A2 010 Ns Not si~viiticar.t

Appendix A 7



t' 7ests of IpanVa'"ue}kcat~nj

E-xpt. 2 4 5 6 1i 3 4 5 7

2 N N3 NS NS NS I NS F S NS N(,

3* NS Ns Is N

4N -S NS NS NS

5 NS NS f

6 NS

Mask pressure

1NS NS 1 NS N

4 N~ NI

op ,"0 05, -- N3S Not, ai nlfl n

Appo~ndix A 7



'&V1T1sts of &an Valueo (regt date opWr

Ex pt. 2 3 4 5 6 7 2 3 4 5 6 -7K

Forehead teMp M

3 *I ** * IS *N * S S

2 NS NS S NS i..

** ft **NS KS

Mea~n b't&Mp. 1er 1.
1 NS NS N*~ ' S NS NS *NS N S

NS vs N SS N~S NS NS NS

3NS N S NS

4NS NS * S NS NS

5 1SNS us

*p k-05, *,t (P-Cl, NS Not sipific~nt

Apv~er.ix A 7
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Tle t (Contd.)

Expt. 2 3 4 5 6 7 I 2 3 6. -

RespL-ation rate

1 NS NS NS NS NS NS NS NS HS NS NS NS

2 pS NS NS NS NS NS Ns NS NS NS

4 NS NS NS NS 145 NSj

5 NS NS NS

6 NS N

Partial tension off Co.)

1NS N s NS) NS NS as NS N15 1 01

2NS NS NS5 NS * NS NS NS

3 NS NS N-S NS5 NS NS NS

4 NS NS H1 S NS NS

5 NS NS NS

6 **NS

*p (0.05 ~P "X,01 US ot significant

Appendty. A
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I'Teats -nn~the Regreasibu Coeaf'iii's(al aa n

~xt. 2 3 ~6 7 *2 3 4 5 6 7

Forehfad temp.' og.

I NS N S N* S NS * * 4

2 N9~ * S jNS ~ * IS

3 N~S wS mS * * *S

4 NS NS W S NS *

5 NS NIS NS

6 4

I1 NS NS NS NS NS NS I8* s

2 NS N S NS N** S K
2~N NS1 NIS~MSM * * 3

4NS IS NS N8S3 "

5 NS NS

6 **

*P <0.05, **P (0.01, NS =Not significant

Appendix A .76.
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W' Tests amnan the ROMM13120p 92oftI21entM (MUl SW&a ODly)

Hear 2at 3 4 2 -6 '7rat

j1 ES N * S NS MS NS NS NS NS

12 NS NS NS NS NS NS NS NS NS

N S S ES NS NS SfN

3NS S ES ES

6 NS

*P- ',,. 05, **P o l IS Hot significant
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It' Teats awra the Retressono Coefficients (resgt §ata ouny)

£xt. 2 3 4 5 6 712' 3 4 5 6 7

Forehead teMM.

2 NS v* N S14 0 *

3 AS~ NS NS ***0 *0 *

4 ms8 NS N IS NB *

.5 NS NS3 0

3 * NS NS3 NS NS00* 3

4 NS3 NS N S NS3

5 *NS * N3S 0

*P 0,oftjL1,. NS =Not significant
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4'4

its Tests, azzvn the~ Regres sum o92f iits (reatdata nl

Fxpt. 2 3 4 5 6 7 2 3

___mt 12 3L4

1 NS 4~* ~ * NS NS NS * * *

2 NS N*~ ~ S NS NS NIS N S

3* * * NS MS NIS NS NS

4 14b NS N4 S NS US

5 Ns.* NIS NS

6*

1 NS N* S N S

2 NIS N S NI

3 NS N-9 HIS NS

4 NS NS

5 * S

6*

*? (b.O5, **4 COl, NS N ot signif-IcAt
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t'Tests of the'Last Obseratin daring Walk

]Rxpt. 2 3 4 5 6 71 2 6 4.76

NS NS NS 35: N3

23 NS NS NS NS 3 NS N 3 1N

NS N8 NS S IS S NS

N5 RS NS NS S Is

* Is

NS 13 NS**~3 NS NS N is

2 NS NS '* * 3S 9 ' I

*P. 4.05, ".P (o.oi, Ns Not silgifoett
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APP~ENDIX 8

Tbbl

Tr .654 ** .588 ** .952 ** 675 ** -. 332 .141 .314 )* .296 *

Tf.530 .659 ** .501 ** -. 289 * -.121. .146 .070

To.806 .673 -.442~ .035 .238 * U

Tb .700 -. 409 ** .1-17 .319 W* .269 4

HR-.232 -. 123 -. 103 -126

PC02 -,039 -. 497 -. ~375 *

f~ .281 .539

.71.8

<P 0.05, **P <0.01
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Intgr-correoatio2r Mtrx (Sak at onl I)

Tb - . pCO2 ....- - -

T. .421 " .818 * .976 ** .566 ,* -.454. .354 .259 * .2

fT .409 " .436 N -. 125 -. 413 ..516 4 .183 .- ,086

To .923*4 .486 ,-.50* .268* .176 .064+

Tb. .570 ** -.503 "  .338 *  .239 * .17

HR -. 527 ** .087 .234 -. 106

pCO -.611** -. 395 .162

f .5/7 I" .267*

v .424

*P (05o9 **P .01

I., !

Appendix P 8
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Tal

Ine-2jeet-. )ktril (WSJk datlJ- ) gW

T .269 * .583 .~ 933 ** .401. .3 1 .151. .042 Wl0

T.411U .380 .301 .281. .189 -. 222 *-.,'33

Ts.836 .602 -. 052 .290 * .044 -. 270*

-. 151 .732 .359 4 .70I.0 -.235 -.~594 1*.123

f .548 .124

*P d).5, **P <0.1
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Inter-=orelatigg MIT

T- -. 036. .264 * .761 *' .596 o( .08 .155 -. 070 -.OM

-.f260 * -. 202 -. 137 -. 061 .174 -. 016 .137

Ts .827 .498 t -. 399 -330 .420* .27k 4

Tb .708 *1 -. 239 * .309 * 243 *.035

HR -. 229 .020 .225 .183

PC2-.021 -. 513 **-.325

f i* .325

.707
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brnrnt #51

TfT7b SR PC02  fv s

Ii -. 002 .218 .676 - .271 -12 151"" .065 .20-5_

T-.140 -. 110 .057 - 204 .311* -. 215 Iq

T 861 ' -. 167 -. 184 .024 .233 * .380 *

T b .002 -. 0039 .095 .209 .408 #

FR --135 -. 136 .142 .206

PCo -66 -. 369 -4U~*

f39 .129

I *P 4 .05, **F IQ.O1
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Inter-correlati2Rn H-tix (v.kdaa0j

TTsTb H PM0 2

Tf .366 .173 -. 4% .214 -. 136 * -2u2 .236

T.825 -197 .2M) .002 .137 -. 073

Tb .416N .129 .194 .277 * -. 258

HR .0?2 .339 ' .409 -. )21

p602  -. 533~ -. 230 -. 134 1

1' .316 .0091

023a
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TfT Tb PC2 f

Z, .391* .758~ .974 .646* -. o94 l1W .091 .289*

Tf.326 .393 .146 -. o36 .127 .014 .071

.886 *4 *37 ** -15 .138 .104 .293ITb .654 -.110 .162 .101 306

j R.093 .301 .220 .098

PC02 -. 411 *4 -. 153 -. 233

f .394 -. C92

.528
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lata=r-cre2at!on )btri (all duaW

TTb HR P00
2  f

T, .668 * .764 ** .95 .762 H -. 031 .016 .514 ' .457'

T .739 ** .740 ** .495 * .127 .050 .293 .199

T .92n .666** 093 .090 .35 .21*

Tb .768 * .023 .051 .74 .424"

HR .234 .247 .284 .5Z **

pco 2  .217 -. 465 "* -. 297*

-. 122 .003

.570"

*P 0105, 4** oo.o

AI
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F2
TT8 Tb HR P2 -f Ps

T .524 ~ 86~ .955 ** .724 0-~70 -. 022 .44 '.47

T. .682 ** .630 *# .550 **-.366 **.052 .275 1"J4

Ts .945g a, .66.,,, -. 072 .081 .348 ~* .297

Tb .7)'&* -. 075 .027 .4-19~ .411*

.IR -. 054 .072 .284 . 214

*G p0 2  - -313 * -397 ** .252

f .086 -. 318*

* 4 .581
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T T H

Tfb PC2fP

Tr -. 026. .733 .938 .685 .084 .179 .018 .02S.

Tf.169 ..066 .182 .107 .195 -. 079 .166:

T.923 *, .744" .05t, .257 .031 .020.

Tb .762 * .080 .231 .002 -. 1.

H.-.081 .30 .197 .34

P02-.532 '~-,551 **-.293.

f.591* .385*

.695*

*P <0,.05, **P 4Q01
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IT .85 33 2 -0-. 01a
T ..7 45' 0 0 .13 *' j48 .043 -X§6 -. 005

-J2 -- 18. 47 .069 .115 -. 176 .. 1954

- 1~ .645

*P Q-051 *'* <0. 01
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Inter-oorrIA 1ia =13ri (Mlt A 99U)

T oTb ER PC2  f' $

T .023 *479 a 837 .477 ** 331 *'-.221 -. 186 .137
r

.f.125 .091 -. 076 -. 260 -.005 .131 .0324

T3  .881 .45 -. 195 -. 056 .151 .224

Tb .343 * .045 -.154 -. 006 .212

-. 184 -.086~ .082 .274

-. 162 -. 502 **-.194

f .047 -. 420

V .235
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IntrcujiRelAto H~r (rlat ads aya4)

T .135 -579 ** .886 ~* -. 188. -.116 .046 .005. -. 220r1
Tf .035 .071 -. 254. -. 244 -. 105. .183 046

T.891 -127 .072 -. 170 -. 268 -. 6

Tb .034 -. 070 -. 025 -. 17? -. 232

HRL -. 212 .3"4* .40* -.217I

PC0 2 -. 432 - .399 ** -. 157

.219 -. 219

Ri1  .295

op /'0.05, **p <0.01
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T fT Tb fI PO'0z f VPm

Tr .467 ** .748 .941 ~' .757 9*.004 -. 132 lu2 .497 *

T.566 ~' .550 ** .431.* .099 .121 .073 .290

T.928 .649 ** .059 .004 .150 .384 0 ..ITb .754 .032 -.072 .139 *473 *

.152 -. 218 .;62 .452 *I -. 179 -.251 -,070
f .o47 -. 722

*3339
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APPMNIX C

1 ". C. +

2 SO T

3 R.S.

RIB.S Ye.a..

6 RoH.

7 DON.
|'8 ,. LC.

9 C.Z.

10 01

- 13 B.K.

* Code Description

Tr Rectal temperature c

Tf Forehead skin temperature OC

T. ean skin tewperature 0C

HR Heart rate beat*/min

PG02 Pairtial tenasion of C02, noR-

f Reepiration rate breaths/win

Minute volume liters(STPD)

Tb Man body tuoreture ec

Ps Mask pressur eU 820

9?

.~~S 
. 7 7 5 - 7 7 

'i T.2s~
77,-. 71,77 17 ~



Data of the 5th Lou experizuent A:

Tim (min) xpt-fi

Tr

260 33.6 37.6 37.9 37.3

280 38.7 37.9 35.0 37.6

300 39.1 37.9 37.7 37.7

Tf

260 35.4 34.7 32.4 32.9

280 35.3 35.o 31.8 32.8

300 36.6 34,9 32.1 31.9

260 36.5 34.1 33.4 33.3-

280 36.4 34.5 33.5 33.2

300 36.8 35.0 34.0 33.7

260 146 130 -

280 162 130 -

300 126 101 92 84

260 34.0 26.0 32.3 30.9f

280 31.5 25.0 32.3 30,0

300 29.5 21.7 26.0 26.0

ON

, _ 98

• ~~~ , .: ]u"IE~l~ ak _m1 lK,



300' W 1917

V

i?6O 11,103~ 17.16 20*49

-407.82 8~38.12 8.19

260 3.5 2.5 2.5 2.8

280 382.5 2.5 2.8

300 2 -5 1.$ 1,5 1.5
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All distribution of t'his report as controlled. Qualified DDC users shall request
through US Army Edgtwood Ar senal Chemical Reaearchi and Developm~ent "..b-
oratories, Edge-wood Arsenal, Maryland Z1010
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of ?rotective equ-ipment Research and! Dev-1opment Laboratories,

13, ABTRAC-

The purpose of this study is to determ ne the factors 'that may account for discom-
fort or impairmnent in men wearing the protective mask wlile working in heat. Tho
M6 hood was attachcd to the M17 mak c-d worn with the protective clothing as.
sembly by mnen walking indoors on a treadmill at 3 mph, zero grade at 2 1 'and
400C with 10 mmHg vapor prt~sure, The impairment in the performance of men
wearing the protective asseniLly was assessed by studying the phyuil-gical
strai-n, eap. a Lory and therma4 of the subjects. The major physilogoical
cause of the discomfort was found to be thermal in nature. In the experimental
series, where the subjecta wore mask and hood in co~mbination with shartt only
to permit a large surface itea for sweating, the rapid rise oi body temiperatures
still occurred.
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